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GEIERAL PORPOISIHa TESTS OF FL YIM^BOAT^^HULL MODELS 

By F. ■ S. Locke, Jr-* 
SUMMARY 



This report gives evidence in support of the propria 
iety of sulDst itut ing9 for' many practical purposes^ n, "gen-* 
eral^' porpoising test of f lying-boat-hull models in place 
of the usual ^^specific" test, ' The results of a general 
test of a particular model are presented and compared with 
the results of a specific test of the same model. The com' 
parison is shown in charts (figs* U and 5)* 

"* The' report also discusses appropriate average values 
of the variables necessarily considered for ordinary use 
in general testings These variables arej 

M^^ aerodynamic pitch damping rate 

Ip pitching moment of inertia 

position of center of gravity 

The terms "general" and "specific" are used in the 
sense in which they have been used for some time hy the 
KAOA in connection with resistance tests* (See NACA T»N, 
No* 

IITRODUOTION 

It was concluded in reference 1, from analyses of the 
results of systematic tests at this tahk^ that the por- 
poising characteristics of a given flying-hoat hull are 
determined mainly "by only three variables 5 

A load on water 
V speed 

Mq aerodyna.mic pitch damping rate 
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and that the limit curves of s t-'^.'bility could "be expressed 

as functions of the planing lift coefficient A/£| 

(actually the equivalent criterion y'C^/Cy has "been 
found more convenient), with the aerodynamic pitch damping 

coefficient as a parameter, 

2 

This evidence strongly suggested that some general 
porpoising . test might properly be substituted for the iisu- 
al specific test. In a general porpoising test, "as in a 
general resistance test, the controlling variable or var- 
iables would be altered in systematic steps to produce 
results ap-nlicable to any flying boat; in the specific 
test 5 the loadings and the aerodynamic charact eristics of 
a particular flying boat are reproduced in the model test 
in their entirety. 

The advantages of a general porpoising test are ob-* 
vious; it would 

(1) Provide a basis for predicting the porpoising 

characteristics of proposed complete air- 
planes prior to specific testing* The por*^ 
poising tests" for a comt em.plated design 
could be run even prior to the fixing of fi- 
nal specifications for the aerodynamic struc- 
ture and thus valuable tim.e could be saved in 
the early stages of "des ignlng when decisions 
for major changes are still possible. 

(2) Facilitate direct comparison of the porpoising 

characteristics of different hull forms and 
thus enormously simplify any problem involv- 
ing the hydro-dynamic development of hull form. 

A satisfactory general test would" appear to be prac- 
tically a prerequisite to- the successful' carrying out -of 
any extensive exploration of the porpois-ing characteris- 
tics of systematically varied hull forms within a reason- 
able period of time^ 

The usual method of determining the longitudinal dy- 
namic stability of a flying boat is to test a dynamically 
similar model, complete with wings and tail surfaces 
(scnotinGs oven notor-drlroB- prop<3ll02*s ) reprnduood in ox- 
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act detailo This method, however useful for specific 
tostingy has the difficulties that the aerodynamic charac- 
teristics are not easily determined nor" readily altered. 
The method now employed at this tank^ descrihed in refer- 
ence differs in that the equivalent of the aerodynamic 
structure is supplied hy a caiiTDrated hydrofoil far lift 
forces and hy mechanical means for pitching moments and 
dampingo The aerodynamic characteristics are therefore 
under direct control at' all times and may he varied at 
wille This feature made possible the strict system by 
which the specific" t e sts. analyzed in reference 1 were car- 
ried out and which has led in turn to the idea of general, 
testing. 

It is the purpose of this report to present the re- 
sults of a general porpoising test of a particular model 
and to show the comparison between these and the results 
of a specific test of the same model. The agreement be- 
tween the two tests is considered sufficiently good to 
constitute evidence ©f the practicability of general test- 
ing - at lea.st for. many purposes • 

The important question of the choice, of suitable av- 
erage Values of certain variables, for use under ordinary 
cir cums.tance s in general p orpoi sing, t e st s , i s- al so di s- 
cussed. . 

This investigations conducted at Stevens Institute of 
Technology, was sponsored by., and conducted with financial 
assistance from, the National Advisory Committee, fo^: Aero- 
nautics . . : ■ 

&11BRAL PORPOISIHG TEST Of A PARTICULAR .M0D:SL 

Procedure Used for General Tost 



The same apparatus was xxsed as is ordinarily employed 
at this tank for speoi fie . porpoi sing teats; this apparatus 
is described in detail ia reference 3. For the present 
general tests, the hydrofoil which supplies the lift force 
and its derivatives in. specific tests was removed from . the 
apparatus^ with its entire mechanism. This was the only 
change ma.de. ' 

The model and the parts of the appa,ratus moving ver- 
tically with it had a weighi. corresponding to G/^ ==^0.80.' 

In order to get other values of the load on the water, the 
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model wao loaded or T?vnloaded without altering tiae moment 
of inertia, In pitch* The following tahnlation gives, in 
terms of load coefficient, the weight equivalent of the 
mass moving vert i cpvlly ( including unloading) for the var- 
ious, values of load on the water covered by the tests. 
This ^^eight equivalent of the mass may he considered to he, 
so far as porpoising is concernedj the gross load. 



The design gross--load. coefficient .of the modal vras ahotit' 
0.90, Bo that even at the very low values . of\. the 
weight in vertical oscillation during porpoising was never 
much more than 50 percent too high. ^'rom the evidence 
presented in the first section of Syidencs . Oo^carning' 7ar- 
iahlss, this amount of excess weight would not he e:KpGcted 
to hava an appr eciahle influence on the. limits. of stahility. 

The recommended pitching moinent of inertia calculated 
from the dimensions of the model, .in accordance with the 
proposal in the second section of Selection of Values of 
influential Tariahles, is 358, pound-inches^. In this first 
trial of the general tost method, it i/as convenient to 
stick to the value of pitching moment of inertia' used in 
previous specific tests of, the model, namely, 2:60 pound- 
inches^* * The recommended value is seen to he ah,ou,t 40 
percent higher than the actual value used^ ^rom the evi- 
dence in the second soct ion of Svidence Concerning Varia- 
bles*., this' di screpancj would, not . he. expected t.o af fect ap- 
preciahly the stahility limits! 

The aer odj^^nami c pitch damping rate used was limited 

V 

;;*;a 

to one value of the coefficient Z ' ' to avoid 

V h'" 

stretching out the test program. The value used was 0.25, 
which is the middle of the three values proposed in the 



Load on water, 



Weight equivalent of- mass in- 
vertical oscillation, 



OilO 
.20 
.40 
. 50 

.30 
1,00 




1 .50 

1.40 
1.20 
1,00 
.80- 
1,00 
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first section of Selection of Values of Influential Vari- 
alDles • 

All tests were made at constant speed, i:a sulDstan- 
tially still Wvater, and otherwise in accordance with the 
detailed procedure ordinarily used for specific porpois- 
ing tests at this tank, as descri"bed in reference 3. • 

The tests for each load coefficient followed the same 
"basic program, namely: 

(1) Tests were made at each of a numher of fixed 

speeds, the choice of speeds depending upon 
the load .coefficients 

(2) At each speed, te.sts v/ere made -with various val- 

ues of the applied moment to. cover a range of 
steady^-motion trims sufficient to emTDrace the 
upper and the lower stability l.imit.s . 

(3) At each speed and applied moment, a test ^ms 

made with a pitch damping rate corresponding 

■ • M 

t^ ^ = 0.25 as previously descriTDod* 

2 

When this rate failed to cause stability, an 

addit i onal ^t e st was made with a large excess 
of pitch damping to define the jjt eady-mot i on 
attitude* 

(4) Graphical records were made of the st eady-^stat e j 

fully developed porpoising cycle for all tests 
in whi ch porpoi sing occurr ed • 

(5) The stability limit was arbitrarily defined as 

the trim at which the total sweep in trim an- 
gle during porpoising (that is, the double 
amplitude) is 2^* This definition is of 
greatest significance in connection with lowor^ 
limit porpoising, v/here the amplitude tends to 
increase progressively; in the case of upper- 
limit porpoising, v/hich tends to start sudden- 
ly and may often consist principally of verti- 
cal motion? an arbitrary definition of the 
stability limit is largely unnecessary. In the 
experience of this tank., porpoising cycles in 
which a substantial amplitude in heave occurred 
without at least 2^ sweep in trim have been ex- 
ceedingly rare (the model being, of course, 
free 1 0 trim) . 
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&eneral-Test Result s and Compari son with 

Spe cif ic-Ta St Besul t s 

The general-test results are shown in detail in fig- 
ures 1 to 3 in large chart each of which gives com- 
plete data for one value of C^, . These figures are the 

usual wall-paper charts of trim against speed, as used at 
this tank; details of their form and preparation will be' 
found in reference 3. Cross plots of the trim sweep in 
porpoising against the st eady-mo t i on trim were prepared 
from the porpoising cycles shown on these charts from 
whichj in turn, the arbitrarily defined stability limit 
(30 sweep) was read. The otahility limits, obbainod in 
this way, are s^hown in figure 4, plotted against the cri-- 

terion a/C^/Cy. This chart shows also, for direct com- 
parison, the limits for a specific test of the same hull. 
The specific test vras made under the particulars and spec- 
ifications of the XP32M-1 airplane, as used in reference 
3, It is clear that the agreement hotween the results 
from the two typos'' of tost is very good and that only one 
curve is needed for either the lower-limit or the upper- 
limit points from both tests* 

figure 4 shows a chart for the specific test and, for 
comparison, a chart for the same particulars and specifi- 
cations built up fr©m the ,f;eneral-t est charts of figures 
1 to 3. Again, the results from the tv/o types of test are 
seen to be in good agreement. The actual- porpoising cy- 
cles are not everywhere Identical but they are reasonably 
alike, and it is apparent that both charts define the same 
limit curves without abusing either set of data. 

The fading out of the upper--limit curve at high 
speeds x^as net very thoroughly invest igated in the general 
tests herein reported. At 0^ 0.20, the upper limit 
is in the process of dying out at the highest speed tested* 
At 0^ = 0.10, te s u s were ma de at only three very high 
speeds and at- none of. these was any upper-limit T)orpoising 
found - though it seems probable that it would have oc- 
curred at lower speeds. The presence or absence of the 
high-speed end of the upper-limit curve is important in 
practice; attention should therefore be given to explor- 
ing this region in the. course of fixture . general :te st s . 

The lowest speeds for inception of both upper-limit 
and lower-limit porpoising are given in -the. following 
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table, which, is reproduced from figure 4. 



1 

i 
1 

1 






L owor 
limit 


Upper 
limit 


" - ■■ ' — 1 

Lower j Upper 
limit i limit 

i 


General test 


O.IQ 

.30 
.40 
.60 
.80 
1.00 






j 


2.87 
3.10 

3 .33 
3.80 


4.48 i 

4,28 j 0.220 
4.28 ! .250 
4.47 i .268 
5,18 j .263 

1 
1 


0,100 
.148 
,181 

,200 
.193 


Specific test 


1 

1 3,15 


4.15 1 0.257 
1 


0.166 



It will "be seen from this talDle that, for all practical 
purposes, 1 ovrer-limi t porpoising may be considered to 

start when the value of ^n/^a/^Y "becomes less than ahout 
.0,260. The starting of upper-limit porpoisings on the 
other hand, is governed "by tvo conditions: (l).the value 
of 0^^ must "be greater than 4 »35 , which i s the average of 
the values of Oj for all C-^ values except 1*00; and 

(2) the value of a/^^^/^y nust' he less than 0.200. 

If sufficient test information were availahle, condi- 
tions for the ending of upper-limit porpoisings at high 
spGods, could presumahly have Iseen similarly codifiad. 

At the time figure 5 \'/as prepared, there was some 
discussion of the indication that upper-linit porpoising 
did not start at a constant value of ^/ G /v /Gy . The sugges- 
tion v^'-as made ''"hat there might oe some discontinuities .in 
the moment curves in the region. In ordor to investigate 
this poBsihili ty , fic^ure 6 was prepa.red. This chart shov/s 

a plot of ^ G^/Cy against trim, v;ith the %vir&c^in^ momont 
coefficient C^,^ = M/v/h^ as a pa,rameter. The points shown 



Reproduced from 
best a ya liable cbpy. 
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are from auxiliary cross plotj? of momeat against trim, 
The values of the trimining moment for the curves are close 
to the actual test moments, so that undue cross fairing is 
not involved. The points scatter ahout as much as the 
limit points in figure 5 so that it is difficult to tell 
whether or not there is a discontinuity in the moment 
curves in the upper-limit region; if there is a disconti- 
nuity, it is evidently very small. By far the most sig- 
nificant point hrought out "by this chart is that the trim- 
ming moment, like the stability limits, is primarily a 

function of the trim angle and of ^^/^Y only ^ 

Figure 7 is a final summary chart of the dynamic sta- 

hility and moment characteristics of tTae hull under con-- 
sideration^ prepared "by tracing the curves of figures 5 
and 6c This chart may he used to calculate the stahilits?" 
limits of the hall in co^'iihinat i on i^dth lany desired gross 
weight, aerodynamic characteristics of the v/ings inclina- 
tion of the thrtxst axis, and similar factors. The moment 
characteristics permit calculating the f r ee-t o--t rim track 
and the ave^ilahle trim range i^rith any desired longitudi- 
nal position of the center of gravity^ elevator moments, 
and so on„ 

IKFLUSNTIAL Ti^EIiJLSS IH aSlISEAL TESTING 



Before general porpoi sin.":; tests can he nan, it is 

necessary to decide which of the variables can safely he 
neglected f:.nd to determine suitahle values for those that 
cannet he neglected^ A study was made in reference 1 of 
the effect of various variables on the porpi^ising charac- 
teristics of the XPB2H--1, as indicated hy systematic spe-- 
cific tests- This part of the report considers that study 
as well as the results of other investigators and gives 
recommended values for the variable s virhich have to he" 
consideredo 

Evidence Oencerning Variables 

Mass in vertical oscillation ,-- Figure 8 shows the re- 
sults of specific tests of the XPB2M-1 at various gross 
loads, from references 1 and 3. The limit of stability i 
plotted against the criterion ./^/Cy. Changes of the 
gross load 0^^ are, on this basis, changes of the mass 

in vertical oscillation only and, in the tests shown, the 
moment of inertia v/as kept constant* 
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The NACA has recently made some experiments on the 
lower-liBiit porpoising characteristics @f a forebody alone 
(reference 2) with a model having only horizontal tail 
surfaces and loaded or unloaded to get desired values of 
0^. It will "be seen that the method used was not unlike 

that employed in the general porpoising tests considered 
in this report. These experiments have been analyzed by 
plotting the critical trim against the ratio ^^a/^Y* 
(A similar form of plotting has recently been used by the 
HACA. in references 11 and 12.) The results, shown in 
figure 9, arc for two different values of the mass in ver- 
tical oscillation, each tested at four different values of 
0^ . figure 10 is similar to figure 9 except that the lon- 
gitudinal posit ion of the center of gravity is different 
from that for the data of figure 9, For all these tests 
the radius of gyration wa,s kept constant- 

Study of the three charts in figures 8 to 10 indi- 
cates thatg within the ranges covered, the magnitude of 
the mass in vertical oscillation has no definable influ- 
ence on the limits of stability. Additional confirmation 
of this conclusion has been found recently in the unpub- 
lished specific tests at this tank of another model where 
the gross load was varied. 

In an actual airplane, the mass in vertical oscilla- 
tion must always correspond^ ©f cotirse, to the actual 
gross weighty In general porpoising tests, therefore, the 
mass in vertical oscillation probably should not be al- 
lowed to depart too far from the design gross weight of 
the hull, if this is known; but, since the data of figures 
8 to 10 indicate that doubling the mass has no appreciable 
influence on the stability limits, it 'is apparent that no 
great emphasis need be placed. on using a very exact value, 

FiAchlnig: momen t of inertia ,- The data of figure 8, 
from reference 3, are for tests of the XPB2M-1 made at 
several different gross weights but with only one moment 
of inertia. Additional experiments, from the same refer- 
encoj showed that increasing the pitching moment of in- 
ertia by 50 percent at one gross weight lowered the lower 
limit by only a very slight amount at low speeds and had 
practically no other effect on the limits. These experi- 
ments indicate, therefore, that neither the moment of in- 
ertia nor the radius of gyration has any appreciable in- 
fluence on the stability limits. 
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British experiments (references 6 and 7) have shown 
that increasing the .moment of inertia hy as .much as 100 
percent without altering t h e mas' s ' ha 0 only very minor ef- 
fects on both the lower limit and the upper limit*. 

The ^NAOA tests of a forebody alone (reference 2) cov- 
ered.- thl s point indirectly. The results, plotted in fig- 
ure. llj- are not in'full agreement with the ^if ore-mentioned 
J tests "because a' si-milar change of mass a.t, constant- moment 
of inertia - that is, an alteration in the radius of^ gyra- 
tion - had a moderate, effect on the stahility limitV- 

All. sources are in agreement that the main effects 
of increasing the moment of inertia are to ddcrease the 
frequency of oscillation and to increase somewhat the am- 
plitudes of the fully developed porpoising qscillat i ons » 

The fact that the pitching moment of inert ia • may have- 
a small influence on the stability limits is not an im- 
portant oh jectiop.; 1 0. the use of general porpoising tests 
hecauses as discussed later> the pitching m.oment of inertia 
of actual flying boats is primarily a function of the hull 
length, sx) that a reasonably reliable value is readily de- 
duced for any hull* 

Center*" of -gravity posit i on The specific tests of 
the XPB-gM-l (reference S) show that altering the longitu- 
dinal position of the center of gravity causes certain 
.minor changes in the lower-limit curve at low speeds but 
has no other effect on. the stability limits* 

Figure 12 shows the results of the HACA tests in ref- 
erence 2'. The same data are. included as in figures 9 and 
10, but they are differentiated on the plot" only vrhen the 
longitudinal position of the center of gravity differs. 
It is clear that the longitudinal position of the center 
of gravity has no distinguishable influence on the stabil- 
' ity limit * 

British tests (references 6^ 7, and 9) are in agree- 
ment in that the lower limit at low speeds is slightly 
affected* In one case, an effe ct x^ras • found on the upper 
limit* The same.British t e st s " shov/ed the vertical position 
of the. center of gravitj?^ to h.ave no distinguishable effect. 

The HACA. results in figure 13, also from reference 2, 
are the only ones available which permit isolating the ef- 
fect of varying the height of the center of gravity above 
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the keel, The results are somewhat scattered^ hut there 
is no clear indication that the vertical position of the 
center of gravity has any appreciahle influence on the 
lower limit ♦ 

Ihe longitudinal position of the center of gravity, 
though unimportant in fixing the stability limits, is very 
important in an actual flying "boat hecause of its major 
effect on the free-to-trim track and the available trim 
range^ G-eneral porpoising tests should ordinarily "be run, 
therefore, v/ith a cent er-of--gravi ty position which will 
result in a desirahle trim track. The effect on trim of 
altering the gravity position is easily computed after the 
tests are completed- 

Aer odynami c derivatives The analyses in reference 1 
indicate that the only aerodynamic derivative not affect- 
ing the net load on the water in steady motion and which 
has any influence on the stability limits is the aerody-* 
namlc pitch damping rate M . 

It has heen found at this tank (refer-encos 3., 5, and 
10), and also in British experiments (references 7 and 8)5 
that the pitch damping rate has an appreciable effect on 
the lower limit at high planing speeds* Howeverp if M^^ 

has a value within the range ordinarily found in modern 
practice, further increase is found- to have comparatively 
little effect. Therefore, while it is desirahle that a 
good average, value of tail damping be used in general por- 
poising tests, the precise value selected is not partic- 
ularly important. This is especially true in viex-ir of the 
fact that the principal effect is on the lower limit at 
high planing speeds, which is a region of comparatively 
little practical importance. 

The influence of pitch damping rate on the upper lim- 
it of stability appears to be confined to affecting, to a 
small extent 5 the speeds at which upper-limit porpoising 
begins and ends; It has no measurable effect on the loca- 
tion of the upper-limit curve, 

Resume To sum up^ only two of the" possible 11 var- 
iables which might conceivably influence the stability 
limits have any noticeable effect, provided that 

(1) None of the others have absurdly impractical 
values. 
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(2) The limit curves are considered in terms of the 
criterion J^aJ^Y 



- ■ i 

Variable 


Influence 


J*^®!^ ■ ^ > when comhined to 
Loaa on water J 




Kegligihle 


Mass ih. vertical oscillation 




Do • 


Pitching moment of inertia 




Slight 


Cent er-of-gravity position 




ilegligihle 


'■■ Aer odynamic ■ Zg 




Do. 


Aerodynamic Z.^^' 




Do . 


Aerod7/namic Z^^ 




DOe 


Aerodynamic Mg-. ' 




Do. 


Aerodynamic Uyj 




'Do* 


Aerodynamic M^^ ..(pitch damping, 


rat e ) 


Apprecialale . 



For purpose s of , general testing, it remains, there- 
forej to select . appropriate ^ values . of '.the ae.c*6dynami c •- 
pitch damping rate and of the , pi t ching' ..moment of inert ia» 
The se . ar , di scussed . heroinaf t er ^ where! some considorat i on 
is given also to convenient positions of. the center of 
gravitj^. All three are nece ssafily decided upon "before 
testing can proceed* ^ ... 

Selection of YaluQs of Influential Variables 

Aer odj/namic pitch dampi ng rate ^'^ g^- -^^ pointed out 
in the discusaion the precise values of .the pitch damping 

coefficient , 9 — selected f 03:.' .gene.ral -jiorpoi sing 

t e st s . can . he more or le ss- arhitrary* S'igur-e 14 shows cal- 
culated values of this coefficient for a .number of repre- 
sentative flying hoats. The American and British hulls 
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shov;n, having 'oeen constructed during the last decade, arc 
all fairlj modern^ All of the values of were calcu- 

lated hy the same method, for the horizontal tail alone, 
from the equation: 

The value of K was taken as l.OOo The value? of and 
If were taken from reference 4. The ratio was 
^ Vda /t 

• calculated for each case from unpublished curves of coordi- 
nated v/ind- tunnel tests furnished hy one of the aircraft 
manufacturer s . 

The practice at this tank for an extensive series of 
specific porpoising tests ©f modifications of the ZPSgM^l 
(reference 3) has heen to use three values of the coeffi- 

cient namely, 0.125, 0.350, and 0*500 ^ when 

' V P^l h' 
2 

occasion demands "but to emphasize the middle value for most 
testing. Figure. 14 indica.tee that these three values satis- 
factorily coyer the range of tail damping rates which have 
heen used in actual pract i ce . It therefore appears that 
the same values, with e-nphasis on the middle value, should 
he reasonably sati sf actory for general porpoising tests of 
most hulls* 

Pitching moment of inertia ,- The pitching moment of 

inertia has little influence on the limits of stability 
hut affects the tirae scale of the motion; and, in any 
case, a valtie is necessarily predetermined hefore porpois- 
ing tests can proceed. It is possihle to show that, in 
practice,, the pitchihg moment of inertia is chiefly a 
function of the hull length. 

Bensou (reference 2) plotted t he , pi t ching radius of 

gyration against the gross load, on a, coef f icient hasis * 

It v/as 'found that k/h increased fairly rapidly with 0^ . 

o 

The data of reference 1 *^>-ave heen replotted in figure 15, 
together with various va^lues a^ccunulated at this tank. 
This chart indicates a lower rate of increase than Benson's 
a,nd clearly does not ahuse Benson* s data.. The mean line 
shown is given "by " 



14 



1=1.38(0^^) (2) 

Benson did tiot give a statement of lengths with the data. 
In reference 4, page 5, it is suggested that the length- 
team ratio maj be represented Tjy 



- 5.05 ^ 
h 



SO that comhining eq.tiat ions (S) and (3) gives 

k - 0.227 L (4) 

which indicates that k/L is independent of L. 

Other information collected at this tank^ shown in 
figure 16, indicates that a slow decrease of k/L ^ with 
increasing L is prohably more nearly correct* In any 
case, it is o"bvious that an assumption that k is pri- . 
marily a function of hull length L is' close to the facts. 

For the purposes of general testing, the curve of fig- 
ure 16 appears to "be a sat i sf f:^- ct cry guide to fixing the 
value of k, S equation (o) may then te used (since* L will 
iDe known) to deduce a value of mass for computation of the 
pitching m©ment -of Inertia "by. throwing it into the form 

L = 6.05 r^y^ (3a) 

from vrhich 

/ L Y 

^ '^w \6,05y 

Oenter^of^.gravity posit lon ^^ It is desirable, for rea- 
sons of conveniences^ tha.t the position of the center of 
gravity *be such that the free-t o-t rim track misses the 
lower limit of stability just past the hump and lies 'be- 
tween the two limits at . high speeds^ l^his will ordinarily 
he acco32ipli shed, i- with reasonahly conventional hulls,- if a 
line joining the "tip of the main step with the center of 
gravity slopes for^^ard, with respect to a perpendicular to 
the forehody keel, hy 20° to 25^. ' ■ 

Another, and posslhly hotter^ rule is to locate' the . 
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center of gravity "between - 0, 3513 and Oc^OTd forward of the 
stepo The vertical location is less important hut may 
well he hetween O.SOh and l*00h ahove the forebody keel 
for flying hoats and perhaps 2.00h ahove the forehody keel 
for float seaplanes** (See referen.ee U.) 



CONCLUSIOIS AID H200MME1TDATIOHS 



The porpoising characteristics of a flying-hoat hull 
may he determined hy a general porpo-is ing, t est , in which 
all of the aerodynamic characteristics - with the excep- 
tion of the pitch damping rate M^^ are neglected. The 

stability limits, determined at various loads, can he re- 

duced to a single set of curves, with -= — as a pa- 

T h^ 

2 

rameter, hy plotting against the criterion // '^a/^T* 

Appropriate mean values can he "deduced for 'the vari- 
ables necessarily decided upon before general porpoising 
tests can be made^ These are discussed in the section 
Selection of Values of Influential Variables, where the 
following values are recommended: 

Aerodynamic tail-damping rate, Mq^ 

\' 

= 0«125, 0.250, 0.500 with emphasis on the 



pw ^ 4 middle value 

V b 



Pitching moment of inertia 

- = 0»225 
L 

" = (01)' 

Cent er-of-gravit y position 

0.35"b to 0*Uob ahead of main step 

0,gOb to 1.00b above the forehody keel for flying 

boats and 

2.00b above the forehody keel for float 
s eaiDlanes 
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. A. final chart; pf the type of figure 7 shows *both the 
porpoising and the moment characteristics of a given hull. 
Such a chart can h^ used to predict the porpoising char- 
acteristics of proposed complete flying heats or to com- 
pare hull designs • Work now in progress aims to present 
informati.on on resistance, spray-throwing, and directional-- 
stability characteristics in parallel simple form. 
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(Note>-Data are included for all the values of ^ 
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Figure 11. 
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